Immunoblotting -an update
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In 1970 and 1980 several publications appeared which described the transfer of electrophoretically separated proteins to membranes whereby a precise replica of the original pattern was obtained (Renart eta 1980) . It turned out that this simple step which could be achieved by diffusion from the gel or by an electrophoretic elution greatly facilitated the analysis of many receptorligand interactions, notably antigen-antibody interactions. Compared to reactions in gels the diffusion distances on the membranes are very short; the penetration of the reagents to the immobilized protein is fast, allowing multiple incubation and washing steps to be performed in a few hours.
Numerous reagents and instrumentation have been developed especially for immunoblotting. In addition to the original vertical transfer chamber a horizontal version is now available. Technical and theoretical aspects as well as applications including those other than immunoblotting have been repeatedly reviewed (eg. Gershoni & Palade, 1983; Towbin & Gordon, 1984; Bers & Garfin, 1985; Beisiegel, 1986; Gershoni. 1988) . Apart from nitrocellulose, new types of cationized nylon membranes with high capacity have become available. The type of membrane may also have an influence on the biological activity of the immobilized protein. For immunoblotting, detection systems using enzymes yielding coloured precipitates have become popular and tend to replace radioactive reagents. Often methods of immunohistochemistry -such as the immunogold technique -are directly applicable to immunoblotting. Total protein patterns may be visualized by various procedures; some of them compatible with immunostaining. Virtually all parameters of the immunoblotting procedure have been individually investigated. These include the choice of membrane, transfer buffers, blocking media and detection systems. It seems, unfortunately, hard to give a universally optimal recipe and for best results it is recommended to try several conditions.
Since blotting is frequently done from SDS gels where the sample is denatured by heating and reduction, only a small fraction of the potential immunoreactivity (or biological activity) of a protein may be regained. There is no general recipe for optimal renaturation which may be attempted before, during, or after transfer. Often, antibodies are directed against determinants of denatured proteins (e.g. sera raised against peptides derived from a protein) and in this case heating the blot has been found to enhance antigenicity.
A large variety of ligands other than antibodies has been found to bind to blotted receptors. Ligands as different as metal ions, peptides, proteins, DNA, and bacteria have been described.
With the exception of a test for HIV-I immunoblotting has so far mainly served as a research tool and for quality control of antisera. Immunoblotting has been extensively used for analysing allergen extracts, in autoimmune disease as well as infectious disease. For the latter 'fingerprinting' of pathogens for identification purposes has been developed. Here, the patterns of lysed clinical isolates and known strains are compared with an antiserum (for a review cf. Burnie & Matthews, 1987) .
Many variations on the basic technique have been introduced. For example, for analysing spectrotypes of antibodies resolved by isoelectric focusing a method involving diffusion against antigen-coated sheets has been devised. The antibody may also be blotted first and then be exposed to labelled antigen.
Blotting may be used to elute proteins from the gel without undue dilution. Still immobilized, they may be iodinated and digested for peptide mapping; they may serve as substrates for kinases, and may even be sequenced if transferred to glass filter paper. Blotted proteins have also been found to be efficient immunogens, both in vivo and in vitro. The carbohydrate part of blotted glycoproteins (or glycolipids) can be probed with lectins, carbohydrate-specific monoclonal antibodies or by chemical degradation.
In conclusion protein blotting has developed into a versatile tool and new applications continue to be invented.
